multivitamin product daily for 3 months. Group C was treated with a cream base (placebo) for 3 months and represented the control group. Skin areas under treatment were photographed and reproduced by the silicone replica technique at baseline and at the end of treatment. This technique reproduces exactly the skin's texture. Digital images were obtained from skin replicas and analyzed by specific software for different parameters: roughness, microsulcus number, and width. Pretreatment and posttreatment values were compared using the Wilcoxon signed-rank test.
Results: In group A, microsulcus number and width were statistically decreased, but roughness was not. In groups B and C, parameters were not statistically modified.
Conclusions: The silicone replica technique allowed a quantitative analysis of results obtained with different topical therapies. In particular, it confirmed the efficacy of glycolic acid in skin rejuvenation. (Plast. Reconstr. Surg. 115: 1156 Surg. 115: , 2005 .)
The surface of the skin presents a typical texture that varies on the basis of deeper epidermal layer; different anatomical areas; and different forces such as aging, sun exposure, diseases or metabolism disorders, cosmetics, and/or drug use. Certainly, the face has the most variable superficial texture, because of its position, exposed constantly to atmospheric agents. 1 Skin aging is an unavoidable and progressive process caused by physiologic tissue aging and various external factors such as natural or artificial chemical and physical agents. This process manifests as multiple alterations of normal skin morphology, in particular, enhancement of wrinkles. The appearance of wrinkles receives much attention from the community and from those in the field of cosmetology because it is linked to apparent age, marking the passage from youth to senescence. For this reason, attempts are made to delay the appearance of rhytids by addressing the causes, namely, tissue aging, elastic and collagen fiber degradation, muscle action, and gravity.
Many studies have been performed on the pathogenesis, histologic features, and possible therapy of rhytids. Clinically, chronic photoaging may result in fine wrinkles, texture abnormalities, pigment dyschromias, and actinic keratoses. In recent years, many new products and techniques have arisen that are useful in the rejuvenation of facial skin. Chemical peeling, together with dermabrasion and laser techniques, are established techniques in aesthetic rejuvenation. Furthermore, the use of topical vitamin C, retinol, and antioxidants is emerging. Although a number of reports on different therapies are present in the literature, these have often relied on the assessment of preoperative and postoperative photographs to evaluate outcome. This evaluation technique has the potential drawback of being subjective and flawed, despite attempts to standardize image acquisition.
A quantitative assessment of various parameters of skin surface texture is important to assess the efficacy of rejuvenation therapies. This is possible by using the silicone replica technique, by which a permanent impression of the skin is obtained. 2 Silicone skin replicas are considered a noninvasive, sensitive process for achieving a negative cast of superficial skin texture. Araldite contra-replicas permit a permanent positive unalterable representation of the skin relief to be obtained from these silicone replicas. Mechanical and optical profilometry are the most common techniques for obtaining numerical and mathematical data from both negative and positive skin replicas. Shadows generated by the peaks and valleys of the skin contra-replica surface are studied by optical profilometry. 3 Replica data can be achieved with optical or scanning electron microscopy and then analyzed using specific software on a computer. For our study, we used scanning electron microscopy optical profilometry because it is more accurate than the stylus method.
PATIENTS AND METHODS
A prospective, randomized, double-blind, controlled study was performed. A total of 30 patients living in the North Sardinia area, ranging in age from 31 to 50 years, were enrolled in this study. Approval was requested and obtained from the local ethical committee, and all subjects gave written informed consent. The area subjected to treatment was the outer canthal region (crow's-feet area). A thorough history was taken from each patient, using a patient record form (NeoStrata Company, Inc., Princeton, N.J.), 4 excluding subjects with active herpes simplex, recent dermabrasion or facial surgery, chemicals peels or topical retinoid use in the previous 6 months, acquired immunodeficiency syndrome, or pregnancy. Electrolysis, shaving, depilatories, or waxing agents were stopped 1 week before any treatment. Other variables recorded were Fitzpatrick skin type, smoking habit status, and postoperative complications.
Patients were randomly grouped into three groups, and each group consisted of five patients aged between 31 and 40 years and five patients aged between 41 and 50 years. Group A was treated by glycolic acid, by use of the Skin Rejuvenation System (NeoStrata Company, Inc., Princeton, N.J.). Initially, patients started to apply 10% glycolic acid cream twice a day for 2 weeks at home. Then, in an outpatient clinic for a total of six treatments, 35% glycolic acid lotion was applied for 1 to 2 minutes, until erythema appeared, increasing the contact time during successive weekly applications for a maximum of 5 minutes; 50% glycolic acid was then used with the same scheme weekly. Glycolic acid peel instructions were given to patients before and after treatment. 4 Group B was treated by topical application at home care of a product containing vitamins A (retinyl palmitate), C (ascorbyl palmitate), and E (tocopherol); coenzyme Q10 (ubidecarenone); and lipoic acid (thioctic acid) in a spray vehicle (VeaMix; Hulka s.r.l., Rovigo, Italy). They were instructed to apply it twice a day for 3 months. Patients were observed monthly. Group C applied topically a placebo cream (Bioclin cream base; Instituto Ganassini, Milan, Italy) following the same scheme as group B.
At the end of treatment, aesthetic results were evaluated by patient self-assessment, by a blinded panel of reviewers (none of whom performed the peeling or the clinical follow-up) using pretreatment and posttreatment photographs, and by a computer analysis of scanning electron microscopy digital images obtained from skin replicas. Superficial skin texture was analyzed with a silicone replica technique. Before taking the replica, the skin had been washed and dried to remove the dirt. The sebum was wiped off with ether or acetone.
The replica material is a polyvinylsiloxane derivative (Coltene President plus light body; Coltene/Whaledent, Inc., Cuyahoga Falls, Ohio) for dental application. It is composed of two substances, a base (polyvinylsiloxane) and a catalyst, which are mixed together directly before application onto the skin. Immediately after mixing the silicone-based material, it is spread over the skin surface. Silicone solidifies 1 minute later, and the cast is removed gently from the skin surface (Fig. 1) .
The first cast was always obtained before starting treatment from the outer canthal region; the second cast was taken 1 week after the end of treatment. After the silicone solidified, a three-dimensional positive contra-replica was obtained with an epoxydic substance (araldite). Each positive cast was then spattered with palladium-gold and analyzed by scanning electron microscopy.
Four monochrome digital pictures for every cast were filed onto a computer hard disk during scanning electron microscopy observation. All images were processed with a specific software based on a combination of algorithm, binary system, thinning, panning, and linearization. 5 Computer analysis allowed a geometric description of the superficial skin surface on the basis of different skin surface topographic parameters, as described by Takahashi: roughness, skin microsulcus number, and width (Table 1) . 6 Roughness is defined by the standard deviation of gray-level value of each pixel in a video image and is expressed as an average. It tends to decrease if the image pixels have a more similar gray level, and vice versa. Skin microsulcus number is defined by the number of straight lines in the linearized image and practically expresses the number of skin furrows in each image. Skin microsulcus width was measured by taking a ratio of dots between binary and thinned images and is also expressed as an average.
Pretreatment and posttreatment quantitative values from a single patient constituted a paired data set. Data variations were compared using the Wilcoxon matched-pairs signed ranksum test. Statistical significance was designated as a value of p Ͻ 0.05.
RESULTS
Fitzpatrick skin type ranged from II to IV. Baseline and end-treatment photographs of a patient treated by glycolic acid are shown in Figure 2 .
In group A, eight patients noticed an improvement of wrinkles of the outer canthal area, with more youthful and luminous skin, whereas two did not notice any improvements. The blinded panel of reviewers noticed an improvement in all cases using pretreatment and posttreatment photographs, but it was not pos- sible to give a quantitative judgment. In all patients, transient erythema and desquamation dissolved. No alteration of pigmentation was observed. After computer analysis of Takahashi's parameters, a statistically significant decrease of width and skin microsulcus number was noted, whereas roughness was not altered significantly (Table II and Fig. 3) .
In group B, five patients noticed an improvement of wrinkles and skin surface of the outer canthal area, whereas four did not notice any improvements and one noticed a worsening. Reviewers did not notice any modification in any of the cases, except for two with transient desquamation. None of Takahashi's parameters altered significantly (Table II and Fig. 4) .
In group C, five patients noticed an improvement of wrinkles and skin surface of the outer canthal area, whereas others did not notice any improvements. Reviewers did not notice any modification or side effect in any of the cases. None of Takahashi's parameters altered significantly (Table II and Fig. 5 ).
DISCUSSION
Today, rhytid development is the focus of attention because it correlates with apparent age and signifies the passage from youth to senescence. For this reason, attempts are made to delay the appearance of rhytids by acting on the causes responsible for their development, namely, tissue aging, elastic and collagen fiber degradation, muscle action, and gravity.
The physician involved in the assessment and treatment of facial skin aging should be informed about different therapeutic options regarding skin type and aging grade. Various topical therapies are used in the treatment of photoaged skin. The economical and commercial interest in this field is important. New products are proposed daily. Products based on glycolic acid and multivitamin and antioxidant components are readily available on the market.
Van Scott and Yu reported on the effects of alpha-hydroxy acids on keratinization disorders and on wrinkled skin. 4, 7 Low concentra- tions of any alpha-hydroxy acids diminish corneocyte cohesion, clinically seen as a stratum corneum separation in sheetlike fragments. Histologically, separation is found to occur in the innermost level of stratum corneum, resulting in a temporary thinning of it. However, stratum corneum acquires a normal thickness with sustained application. Dermal responses appear within 2 to 3 months, characterized by skin thickness, associated with increased accumulation of dermal glycosaminoglycans. Clinically, increased skin plumpness occurs. The structure of alpha-hydroxy acids is a terminal carboxyl group on the second or alpha carbon and a variable length carbon chain. The strength of the acid derives from its ability to donate a proton. The pH of a solution of alpha-hydroxy acids varies with both the concentration of the specific acid and the amount of buffering or neutralizing agent used. Glycolic acid has the smallest molecule of all alphahydroxy acids with a single carbon chain and, for this reason, easily penetrates into the layers of the epidermis. The effectiveness of glycolic acid in the treatment of rhytids has been described in various studies. 8, 9 Vitamin C has been recruited in the struggle against photoaging as a result of its role in collagen synthesis and its potent antioxidant strength. The ability of topical vitamin C to stimulate collagen synthesis in the skin has been proven only in vitro. 10 Furthermore, vitamin C has been shown to be the main watersoluble nonenzymatic antioxidant. improves fine wrinkling, texture, and color of skin. Histologic effects are thinning of the stratum corneum, thickening of the epidermis, increased collagen synthesis, and angiogenesis in the dermis. Several dose-response studies have been conducted showing that higher concentrations are correlated with improved clinical response.
Low-molecular-weight antioxidants, especially vitamins C and E (ascorbate and tocopherol, respectively) and lipoic acid, exert protective effects against oxidative stress. However, controlled long-term studies on the efficacy of low-molecular-weight antioxidants in the prevention or treatment of skin aging in humans are still lacking. 13 The effectiveness of different therapies has often relied on subjective methods of assessment based on preoperative and postoperative photographs to evaluate outcome. Histologic analyses have been seldom used because of the drawback of permanent scarring, which is not acceptable in visible areas such as the face. In the literature, a quantitative method of assessment to evaluate superficial texture that has been technically validated has been described. 3 This technique presents different fields of application. It has been used to analyze skin texture, 1 to analyze mammary capsule features after implant reconstruction, 14 and to study graft texture modifications after transplantation. 15 Furthermore, it has been reported to be used to evaluate skin rejuvenation therapies. Caputo et al. 2 and others 16, 17 have used skin replicas to evaluate antiphotoaging efficacy of topical retinoids. The effects of ascorbic acid on photodamaged skin have been studied with this technique. 18 Grover et al. investigated the results of facial rejuvenation by carbon dioxide laser resurfacing. 19, 20 Recently, a new analytical system has been proposed to directly evaluate skin surface morphology without using skin replicas. 21 However, this method needs further validation.
The aim of our study was to promote and popularize the use of a quantitative and noninvasive method of assessment of skin topography. We chose to treat the crow's-feet area, because it represents a barometer of the chronologic and environmental age of skin. This is because fine wrinkles appear first in this area. The topical therapies analyzed were chosen because they are readily available in the market and are easy to perform.
We confirmed the efficacy of the topical application of glycolic acid in the treatment of photoaged skin. The patient self-assessment and the subjective analysis of photographs proved to be flawed and not comparable, whereas scanning electron microscopy image analysis of skin replicas showed macroscopic and microscopic modifications of skin texture, allowing an accurate qualitative evaluation. Specific software analysis gave different parameters, as previously described, that allowed a statistical analysis of their variation to prove the effectiveness of therapies under examination.
To our knowledge, this report is the first describing effects of glycolic acid peeling on skin texture of the outer canthal area using the silicone skin replica technique. In patients treated with glycolic acid, microsulcus number and width decreased significantly. These data correlate with the clinical observation of a less wrinkled, more youthful, and bright skin in the crow's-feet area. The only parameter that did not change significantly was roughness. This is described as a standard deviation of gray-level value of each pixel in the video image. The widespread desquamation at the end of treatment probably contributed to maintain a high value of this parameter.
Moreover, we proved the absence of objective effects on skin texture of the multivitamin, antioxidant, and cream base products in the period of treatment. Several articles have reported the efficacy of products based on ascorbic acid alone or retinaldehyde or retinol alone. The inefficacy of the multivitamin product tested could be explained by the shortness of the treatment period and the low concentration of components present in the product. Furthermore, it is possible that larger samples and/or a longer period of therapy might yield different results.
CONCLUSIONS
The silicone replica technique allowed a quantitative analysis of results obtained with different topical therapies and, in particular, confirmed the efficacy of glycolic acid in skin rejuvenation during the period of observation. We advocate the use of a quantitative and noninvasive method of assessment, such as the silicone replica technique, every time a new antiaging product or technique needs to be tested and validated.
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